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Preface
Molecular self-assembly is becoming an intrinsic part of nanoscience, nanoengineering andmaterial designs, and through
these developments, it entersmore aspects of our life on a daily basis. It is also becoming a base for developing newmethods
and models for information processing and computing. There are now workshops and annual meetings that discuss latest
developments in this area of research. One of these conferences is Foundations of Nanosciencewhich is held annually in April
at Snowbird, Utah, USA. This conference holds a variety of special sessions on different aspects of nanoscience, including
a special session on Principles and Theory of Self-assembly. The present journal issue contains papers hand-picked from the
presentations delivered in this track at FNANO’07 and also the special workshop on Self-assembly and Tilingswhich was held
in conjunction with the regular annual conference ‘‘Developments in Language Theory’’ in July of 2007 in Turku, Finland.
We thank the authors for their contributions and we thank the referees for their valuable work in the preparation of this
issue.
Although development of general methods for molecular self-assembly is fast ascending, it is the advances in
experimental DNA based nanotechnology and self-assembly that has moved forward most rapidly, providing a base for
information processing and computing at a molecular level. So, it is no surprise that most of the papers in this issue deal
with various aspects of DNA self-assembly. Adleman’s seminal paper from1994 provided a proof of principle that computing
at a molecular level, with DNA, is possible. This led to a real explosion of research in molecular computing — in particular,
there was an expansion on computing models based on DNA self-assembly. Nevertheless, the theoretical analysis of many
aspects of DNA self-assembly remain scarce and lacking precision. With this issue, we show several theoretical approaches
on questions in DNA self-assembly arising from current and potential experimental methods.
Markov chains are widely used in the analysis of many scientific models and in studies of the dynamics of various
processes in nature. They are also very suitable in the analysis of the dynamics of DNA self-assembly processes because
they can provide a way to extract information about the dynamical stages of these processes. An equilibrium distribution
of a Markov chain can be considered to be the perfect state for sampling. The time in which a Markov chain can reach such
a "good sampling state’’ is called mixing time. The paper by Greenberg and Randall studies the mixing time relative to the
assembly temperatures for the so-called non-standard Ising model (a model in which two types of tiles are present such
that each tile prefers to be a neighbor to a tile of its own type). Although the model is relatively simple compared to some
current experiments performed in several labs that incorporate many different types of tiles with variety of preferences for
their assembly, the paper points out the relevance of the mixing time analysis for large scale assembly processes and the
difficulty of the theoretical studies.
Many recent developments of various DNA devices andmovements have relied on Yurke style strand displacements and
deoxyribozymes (DNAzymes). The paper by Reif and Sahu describes a self-assemblymodel for autonomous implementation
of a finite state automaton based on these two methods. Although a theoretical description, this is a model that, if
implemented, could provide a molecular device that is autonomous, programmable and requires no protein enzymes.
Two of the papers, one authored by Grayson, Taormina and Twarock, and the other authored by Jonoska,Wu and Seeman,
address the design of DNA building blocks for complex three dimensional structures. Both papers assume that branched
junction molecules are used as vertices in the DNA structure and regular duplex molecules as edges. The first of the two
papers is motivated by the dodecahedral and icosahedral cages of RNA viruses. It describes methods to design branched
junction molecules such that their self-assembly yields a three dimensional DNA cage with icosahedral symmetry. The
second paper shows that every three dimensional DNA structure representing a (multi)graph can be assembled such that
the resulting structure contains a single DNA strand traversing every edge of the structure. In an experiment, this molecule
can be extracted and then used as evidence for the assembly of the graph.
A model for DNA self-assembly by Wang-like tiles introduced by Winfree and Rothemund, maybe due to its close
relationship to tilings of the plane byWang tiles, has received themost attention from the theoreticians. So, we conclude the
issue with a paper by Brun and Reishus who consider the question of the ‘‘path-finding-problem’’ (connecting two positions
in a plane through tile self-assembly in a shortest possible way) within the framework of this model. The subsequent special
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issue of TCS Series C, entitled ‘‘Theory and Applications of Tilings’’, contains other papers based on the same model of DNA
self-assembly, addressing a variety of theoretical problems.
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